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Introduction
This paper addresses the problem of determining the accidental forklift truck impact forces on steel storage racks. As presented in the companion paper [1] , different types of forklift truck impact can occur on steel storage racks. This paper focuses on down-aisle impacts occurring on drive-in racking structures but the methodology and methods presented herein can be easily extended to any type of rack or steel structure in general.
Contrary to classical ''selective racks'', by storing pallets on rail beams on the first-in, last-out principle ''drive-in racks'' minimise floor space allocation and are often a more economical alternative solution to selective racks. To allow the forklift truck passage, drive-in racks can only be braced at the back (spine bracing) and at the top (plan bracing) leading to slender uprights in the down-aisle direction, only restrained at the bottom by the base plate assembly and at the top by the portal beam. When subjected to a forklift truck impact in the down-aisle direction, the bowing of the upright may trigger progressive failure by allowing the pallets to drop through.
The literature review shows that no investigation is available for determining the accidental forces that develop between a storage rack and a forklift truck during an impact. International racking * Corresponding address: School of Engineering, Griffith University, Australia.
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standards only consider arbitrary impact forces, the equations for which have no scientific justification. Furthermore these standards only deal with selective racks and are not applicable to drive-in racks. The present study is motivated by the high failure rate of drive-in racks compared to other types of racks and steel structures in general. Further details on the behaviour of drive-in racks and available literature for this type of structure are given in the companion paper [1] . Based on first principles of mechanics, the paper first develops a simple model of a loaded forklift truck. Model masses, as well as stiffness and damping coefficients are calibrated against experimental results obtained from isolated tests of an actual forklift truck. Subsequently, also based on first principles of mechanics, a simple model of a loaded drive-in rack is developed. Model masses, as well as stiffness and damping coefficients are calibrated against experimental results. Comparisons between experimental results and solutions obtained from the simple mechanical models show that the simple models accurately reproduce the static and dynamic behaviours of the forklift truck and the loaded drive-in rack.
Using the result of experimental impact tests and the simple model of the drive-in rack, actual impact forces are calculated and presented. Finally, using the experimental impact test results and the two simple mechanical models, the actual motion of the forklift truck body is determined. This motion, being a common characteristic to all drive-in racking impacts, allows impact forces to be obtained for various pallet loads, impact elevations and rack
